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Effect of Fe element on microstructure and properties
of titanium alloy welding seam

JIANG Peng, LIU Xi-lin, YAN Fei-hao, SONG De-jun

(Luoyang Ship Materials Research Institute, Luoyang 4710391, China)

Abstract: Some welding experiments were designed with different Fe contents of welding wire, and a series of tests on
the microstructure, hardness, tensile, impact, cold bend, seawater corrosion resistance were carried out to study the effect
of Fe element on the microstructure and properties of welding seam. The results show that the two-phase lamellar
structure forms in the welling area, and the hardness of this area is about 100 HV higher than that of the base material.
TiFe phase will not be formed at 2%(mass fraction) Fe; the welding seam shows an excellent corrosion resistance in
seawater. Through a rational design of welding material, better performance of weld seam can be achieved.
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Fig.1  Microstructures of welding seam
with different welding wires: (a) Ti2Al; (b)
Ti0.8Fe0.6Al; (c) Ti2Fe

2 Ti50 20 mm
Fig.2 Microstructures of central welding seam of Ti50 plate with thickness of 20 mm: (a) TA2; (b) Ti2Al; (c) Ti0.8Fe0.6Al; (d) Ti2Fe
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Fig.3 Lamellar structure of two-phase area of welding seam
1 HVin~

Table 1 Microhardness (HV n) of welding seam at different

positions

HVin~

Component of
Heat-affected Welding Lamellar

welding wire ~ Base
zone seam zone
Ti0.8Fe0.6Al 221 230 234 315
Ti2Fe 195 210 237 310
Ti2Al 220 220 215 -
o+p
HV100
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TiFe 2%
TiFe
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5 Ti0.8Fe0.6Al Ti50
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Fig.4 TEM images of S-phase in welding seam: (a) Coarser 8
phases; (b) Diffraction pattern of f+w phases
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Table 2 Results of overlay test of welding wire
Welding wire Ryp2/MPa Rw/MPa  A/% Z%
Til.2Fe0.8Al 547 648 22 52
Ti0.8Fe0.6Al 553 632 18 40
Ti2Al 552 602 16 43
Ti2Fe 590 705 15 28
TA2 428 480 17 61
2.3
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Table 3 Results of tensile test of welding wire 3) Ti50 2.51
Welding  Thickness/ Rp2/  Rw/ % Welding ><10*mm/a
wire mm MPa  MPa coefficient
Til.2Fe 4 - 573 - 0.99 REFERENCES
0.8Al 10 - 663 - 0.97
4 - 585 - 0.99
Ti0.8Fe [1] CHEN C C, BOYER R R. Practical consideration for
25,upper 432 522 18 0.90 ) ] . )
0.6Al manufacturing high-strength Ti-10V-2Fe-3Al alloy forgings[J].
2lower 462 565 16 0.97 Journal of Metals, 1979, 31: 33-39.
4 - 553 - 0.96 2] TB6 [D].
Ti2Al 25,upper 430 529 17 0.91 ,2010: 56-57.
25,lower 453 542 16 0.93 WANG Mei-jiao. Research on isothermal-forging of TB6
TA2 4 - 595 — 0.99 alloy[D]. Luoyang: Ship Material Research Institute of China,
2010: 56-57.
4 [3] . Ti-10V-2Fe-3Al [D].
2003: 65—66.
Table 4 Tmpact property (Ai) of welding seam ZHAO  Xue-ying. Research on  Superplasticity  of
Welfling Thickness/mm Position ) Ti-10V-2Fe-3AI[D]. Xi’an: Northwestern University, 2003:
wire 65-66.
Upper area, 4] , , . TB6 g [1.
multi-pass 73 , 2008, 37(s3): 544-548.
TAI 55 welding LU Yi-fan, MENG Xiang-jun, LI Shi-kai. An overview of £ fleck
Lower area, in TB6 alloy[J]. Rare Metal Materials and Engineering, 2008,
single-pass 78 37(s3): 544-548.
welding [5] BOYER R R. Design properties of a high-strength titanium
Upper area, alloys Ti-10V-2Fe-3Al[J]. Journal of Metals, 1980, 32: 61—65.
multi-pass 68 [6] s s s .
25 welding 1. , 2008, 37(s3): 955-958.
Ti0.8Fe0.6Al Lower area, JIANG Peng, LI Liang, HA Jun, SONG De-jun. Component
single-pass 77 design calculation and preparation of low-cost titanium alloy[J].
welding Rare Metal Materials and Engineering, 2008, 37(s3): 955-958.
10 Welding seam 75 [7] , . M.
, 2008, 37(s3): 335-338.
5 LI Liang, JIANG Peng. The softening law of titanium alloy
. . . during two-stage hot compression deformations[J]. Rare Metal
Table 5 Cold bending properties of welding joint i .
Materials and Engineering, 2008, 37(s3): 335-338.
Plate type Front bending Back bending 8] i ) Ul
4 mm 8a, 180° 8a, 180° , 2008, 37(s3): 346-349.
10 mm 8a, 180° 8a, 180° LI Liang, JIANG Peng. Correlation of hot processing map and
microstructure of Ti-0.8Al-1.2Fe alloy[J]. Rare Metal Materials
and Engineering, 2008, 37(s3): 346—349.
=10 mm/a ,2004, 12: 45-46.
YE Ding-qi, LIU Jun-xin. Application of titanium alloy in
undersea weapons[J]. Material Development and Application,
3 2004, 12: 45-46.
[10] , , , . Ti500
[J1. ,2002(1): 59-61.
1) CHEN Du-juan, LI Zuo-chen, BAI Bao-liang, WU Zhi-le. The
corrosion resistance properties of Ti500 alloy with different Fe
2) Ti50 contents[J]. Aerospace Material and Technology, 2002(1):

Ti0.8Fe0.6Al

59-61.



